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BATIONAL ADVISORY COMMITTEE FOR AFRONAUTICS

TECHIICAL NOTR NO. 1295

WIND “FUNNEL INVESTIGATIGRK OF THE EFFECTS OF SURFACE-COVERIRG
DISTORTION ON THE CHARACTERISTICS OF A FLAP HAVING
UNDISTORTED CONTCUR MAINTAINED FOR VARIOUS
DISTANCES AHFAD OF THF. TRAILING EDGE

By Thomas A. Tell, M. J. Queijn, end Jack D. Brewar
SUMMARY

Tests were made of a mudiried NACA 63;-01? airfcil having a

30-percent eirfoil-chord flap with contoure simulating various
distorted surfece-covering shapea for the purpcse of investigating
the practicability of reducing distortiun offocta to e negligible
amount by maintuining the undistorted contouwr ~vor s small part of
the flap chard nesr the treiling edge. The effects nf verietions
in Mach number from 0.20 to 0.40, of transition locetion, and of
flsp gap rlso were investigited.

The results of the inveetigstion indicsted that the effacts
of distcrtion on 1ift cheracteristics are smell compared with the
effocts of distorticn on hinge-moment characteristice and thst
epproximately 75 percoent of the effecte of distortion cn stick
forces cen bc eliminated if distortion of the reer 20 percont of
the flap chord is prevented by stiffening thet part of the flap.
Whon the flep hed been thickened by diatorticn, opuning e gop at
the flap nose or placing transition etrips ncer the sirfoil lesding
edge gonorelly cuuscd the variations of hinge-moment coefficient
with angle of etteck snd with flep deflection to become less nega~
tivo. Veristions in Mach number from 0.20 to 0.40 had only amall
effocts on the hinge-momont cherecteristics of the undistorted flap
or of the distorted flaps having the 'mdistorted contour maintained
over the rear 20 percent of the flap chord.

IRTRODUCTION

Flight rosults published in s British peper of limited &istri-
bution and some wind-tunnol tests made in tho Lengley stability
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tunnel have indicated that large changes in control-surface char-
acteristica (perticularly the hinge maments) may result from die-
tortion of the conmtroul-surface contour vwhile under eerodynamic lcad.
The analysis precented in reference 1 shows that, in gensrel, dis-
tortion emounte either to & change in camber of the control surface
(cembor dietortion) or to & change in the thicknese of the control
surface (symmetricel distortion). Cember distortion effects thu
control-surface chavactoristics in e munner that is eimilar to the
affect ol dcflectinz e tab; wherees eymmetrical distortion amcunts
essentielly to & change in trailing-edge angle. Diatortion of the
camber typs was ehown in refsrence 1 to have much larger effecte
then distortion of the Rymmetrical type.

The type uf distortion obtained on & specific control eurface
depends primarily on the location of vants or loakage holee. Cember
dietortion ie moet likely to occur when the internal preceure is
spproximately nsqual to the static preeewre of ths fruve air etream,
and symmatricel dietortion ie moet likoly to occur vhen the internal
proesure 19 highly positive or highly nepative reletivy to the
static prosasure of the fruvs air stream.

From aorodynamic consideraticne, the moet satisfaciory mecthod
of eliuinating dietortion offects 1e to provide the wntiro control
swface with e rigld covering material. Such e contrcl ewrfaco is
likely to bo quito hoavy, however. The fect that control-eurface
hinge-momcnt charectorietice arc krown to depend larcely on the
contour noar the treiling edge hae led to the suggoetion made in
@ British paper of limitod dietribution that the greaster purt of
the effecte of distortion might bo eliminated, with e moderste
increeee in weight, by providing a rigid covering materiel over
only a emall chordwiee part of the contrcl eurfacs just forward of
the trailing cdge. Tosts made by A. €. Halliday of Great Britain
indiceted thnt when dietortion of ths rear 25 percent of the contrcl-
surface chord 15 prevunted, tho variatinn of hingu-momont cooffi-
clant with angle of ettack and with flap d2floction is eseentislly
independunt of distortion of eny othor psrts of thc control surfece.

The preeent toets, mede in twu-dimensionel flow, wire con-
ducted for the purposo of inveatiganting more therougily tha practi-
cability of reducing dietorticn effocts to a negligible amount by
meinteining the undietorted contcur over e small part cof tho flep
chord ncar tho treilins :dge. Teste wore mede of eoveral types of
distortion in eddition to those made by Hulliday snd Tor each type
charscterietics wore dotexmined with 10 percent, 20 percont, end
30 percont of the flap chord hald to the undietorted contour. The
offects of veristions in Mech number from 0.20 to 0.0, of transi-~
tion locetion, and of flap gap Aleo were inveetignted.
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SYMBOLS

asirfoil section 1lift coefiicient

flap eection hinge-moment coefficient

reeultant balanco-preseure coefficient (Pl,-wer = Puppt,r)

preesurs coefficient abcve or below flep sesl

finite~-spen 1lift coefficient
finite~epex{ hinge-moment coafficient

seel-moment retic for internally balanced flap (retic of
balancing mcment of flexible seal to balancing mument
of thin-plate overhang)

boundary-layer displacsment thicknese, feet

dynamic preegure of free stresm, pounds per square fcot

dynemic preseure at teil of airplene, pounds per square
foot

airfoil pection chord, feet

fixed trsiling-edzs chord (chordwise distance from trailing
edge over wihich undistorted contour is maintained), feet

flap section cherd, feet

balence~plate eection chord (disteznce frem flep hinge
line to leeding edge of the bslance plste), fset

belance secticn chord (distance from flep hinge line to
point midway bstween pcints of ettachment of
flexible seel of eealed internsl belence), feet
mean serodynemic chord of wing, foet

root-mean-gquere eolevetor chord, feet

elevator epan, fest
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airfoil esction thicknass et flap hinge line, faat

teil length (diatance from canter of gravity of airplene
to aerodynamic canter c¢f horizontal teil), feat

wing eree, equere faet
hcrizontal-tail araa, square feat
wing aapect ratio

horizontal-tail aapect ratio

chordwiea diatance from airfoil laading edge to eny point
on airfoil eurface, feet

chordviea dietance frem center of gravity of airplana to
nautrel point, feet

weight of elrplane, pounde

airfoil section angle of ettack, degrees

engle of etteck of finite-span eurface, degreee

flap deflection, degraes
elavetor daflection, dagreea
etabilizer angle, degrese

downwaeh angle in vicinity of horizontal teil, degreee
Reynolds number
Mach number

ratio of control force in pounda to elavator hinge moment
in foot pounde

incrementel etick force reaulting from elevetor dietor-
ticn, pounde
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The aubscripts cuteide the perenthssis of the foregoing partiel

derivatives indicate fectors held constent during messurement of
the dsrivetives.

Ac: 3 Acl gy oo e incremental velues of psrametsrs resulting
& from eny given smount of distortion; for
example,
Ac: = C: = C:
a %31atortsd %unaistortsd
acy L8 Acz 'y e e incrsmentel distortion parsmeters (ths incre-
% rents of elopea or of coafficients resulting
from e distortion of ons percent of ths
flap chord); for exsmple,
Cz = Cl .
g %31storted %undistortsd
lq distortion in percent flep chord

vwhere distortion is defined es the maximum
devietion of a surfscs of 8 flsp from the
undietorted contour

APPARATUS AKD TESTS

5 Ths tsste of the present investigation were conducted in the
25-1’001'. by 6-foot test section of the Lengley stability tunnol.

The model hed a chord of 2 foet snd epsnned ths thrcet of ths tunnsl.
Ths psrt of ths modsl forward of ths TO-percent-chord station was
constructsd of leminated mehogany snd had the ordinates of the

NACA 651-012 eirfoil section. The sirfoll wae equipped with e

30-percent=-chord plein flep with s cylindrical stosl noseo snd s
eteol contrsl web. Flap contoures, simulsting verious diastorted
surfacs-covering shapes, were obtsined by attaching wood blocks to
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the upper snd lover surfaces of the steel web. (See fig. 1.) The
sssumed undistorted contour had flat sides extending from the
trailing edge to the contour of the NACA 65;-012 sirfoil st the
70-parcent-chord station. The treiling-sdge angle was 1L°. The
ordinatsa of the modified sirfoil are given in table I.

For convenisence in presenting the reeulte of thie invoatiga-
tion, lstter designations have boen essigned to the verious bdasic
typus of contour distortion. In the designations, F stends for
flat, C for conceve, end B for bulge. FKech flap-contour desig-
nation coneists of two letters; the first lettar refere to the
upper eurface of the flap and the second letter refere to the
lower purface of the flap. The varicus designutions and the corre-
sponding descriptions of the flap contours tested ere presented in
the following table:

Deaignation Duscription of flep contours

Both surfacea flat (no dlstortion)

Both upper amd lower surfacee concave

Both upper and lower emrfaces bulged

Upper eurface bulged and lowor surface conceve
Upper surfece bulged and lower eurface flat
Upper aurfece flat and lowcr surface ccncave

For each of the beslc flap contours given in the foregeing teblo,

the undistorted flap contour wae maintainod over pearts of the flap
chord extending 10 percent, 20 percent, end 30 percent of the flap
chord from the trsiling sdge. The various contours investigetod
ere illustratod in figure 1.

Both the concave and the bulgod contoure wers constructed ss
shown in figwe 2. In every cese, the emount of distortion - that
18, the meximum deviation of the distrrted contour from the undie-
torted contour - wss 2.33 percent of the flap chord. The diatorted
perts of the flap surfaces consisted of e straight eection (parsllel
to the undistortod eurfacs) Joined to the undistorted eurface by
circuler arca. As the undiptorted trailing-cdge part wes increased
in longth, the etraight asction of the distorted part wms decreased
in length; thue the maximum devietinn of thu dletorted coutour from
the undietortad contour was mointsined constant.

The part of the model forwerd of the flep hinge line was
attached rigidly to ond disks that were mountcd flush with the
tunnel walle. Clesrance gaps of spproximately 1/16 inch wers left
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between the ends of the flap end the djaka. The testa included
determinations of eirfoil section 1lift coefficiente, flap saction
hinge-mcement coefficients, end resultent balence-prassure coaffi~
cliente. The lift of the modal waa mesaurad with an intagrating
manometar, hinge moments were measaured with a calibratad apring
balance, and the pressure differance (rcaultant balancc preasure)
across tha flaxible nose scal was moaaurad with a aingle U-aheped

manometar tube.

Most »{ the toata wera masda with transiticn atripa atteched
to the model. The atripa wera prapared by cementing cerborundum
grains (No. 60) to the back of "Scotch" cellulosc tape in & strip

%-mch wido. Tho tape was attached to the upper end lower suxrfacas .

of the modal a0 that the leading edgcs of the carborundum etrips
wora at 2.0 percent of tho chord.

Tha groator part of the tcets were made at a Mach number
of 0.34, although a few tcats were mede at Mach numbers of 0.20
end 0.40. The dynemic presauros and tha test Reynolds numbers
corraaponding tc thase Mach numbera ers given in the following

tabla:

Mach number,
M

Dynanic proasaure, q

(1be/uq ft)

Raynolds number,
R

0.20
o3k

© 59.4
153.5
211.5

2,845,000
4,520,000
5, 380,000

In order to apecify the conditions of the preacnt tests some~
what more completoly than can bo dono almply by giving veluea of
the Mach numbar, the dynamic prasaure, and tha Raynolds number, e

fev moasursmenta of the boundary layer on the upper surface of the
model with the undistortcd flap contowr werc msde. Figurs 3 shows
the variation with engle of attack &, of tho boundary-layer dia-

placement thickncas at 65 percent cf the chord, given a8 a fraction
of the chord &%/c with and without trensition atrips, end of the
transition lccetion aa e frection of tha chord xfc without transi-
tion atrips. : . .
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CORRECTIONS

Correctione appliad to the teet data for the effects of the
Jet boundariea ere boeed on equations preaented in reference 2.
The methcds of reference 2 were extended in ordsr that correctione
to the flap hinge-moment cuefficlent end to the resultent balence-
preseure coefficient might be obteined. The equaticne used in
correcting the toet dete are ame follows:

¢y = k.C
1 171,

a, abu + k2015f=0°

chf “hf“ + k3cl

Ph PRu + khcl

where the subscript u rsfers to the uncorrscted value of the
coefficlent or engle, and tho constants k;, k,, k3, end Ik

depend on the test Mach nimber and have the following values for
the conditions of the present tests:

M K K, Iy,

0.20 0.966 0.221 0.0086 =0.0400
.34 .963 231 0094 ~.0hl5
Lo 961 238 .0099 -.0480

The correctiona epplied do not account for the effects of the
boundery layere along the tunnel walls or for the effecte of the
srall geps betwscn the ende of the flap and tho end diska. The
cerrecticn to the angle of ettack does not account for the effect
of the 1lift reeulting frecm flap deflection. An eetimate of th
effect of the 1ift resulting from flep deflecticn ind?cated taat,
had thie 1ift boen accounted for, the values of thu perauctor 1y

would be ebout 1.5 percent smaller then tho veluse of thie persmoter
thet ero indicated by tho data prescnted, end that the peramotcre ch6

end Pna would be chang2d s nogligiblo amount.
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RESULTS AND DISCUSSION

Presenteticn of Dete

Complete sets of data, including flap eection hinge-mement
coefficiente, 1esultunt balance-preesure coefficiente, and eirfoil
section 1lift coefficients, were obteined for eech of the flap
contoure ehovn in figure 1 for e Mach number of 0.34, with trensi-
tion etrips at 0.02¢ and the flep noee gap eealed. Theee deta are
preeented in figuree 4 to 9 e9 plote sgainst flap deflection for
veriovs fixed anglee of ettack. Comparieone of the effects of
fixed truilinz-edge chord on various coefficiente plotted egainst &y
with «, = 0° end plotted ageinst a, with B = 0° eras given

in figuree 10 to 19. Some additional tests were made to determine
the effects on hinge-moment cheracterietics of Mach number (fige. 20
end 91;, of trensition atripe (figs. 22 end 23), and of gap (fizs. 24
end 25

The meesured parameter values et a, = 0° and 51. = 0°,

including slcpea of ths curves end incrementel veluee of the coef-
ficients resulting from eurfece-covering dietortion, ere given in
teblo II. The data presented for resultsat belence-preeeure coef-
ficiente when used in conjunction with the hinge-moment date of
plain flaps ere uecful in estimating the cheractoristics of eceled
internslly-balanced flepe.

An oquation for cealculeting the hinge-moment coefficients of
en internally-belenced flep 18 ee follows (ees refsrenco 3):

Cbp t'/2
c = C + -J-'P - — 1 1
Momlenced = “plain 2 R cf> ( b ) (1)

flap flep

whera n, ie the seal-moment retio. Cherte glving velues of m,

for verious balencec-seel configurations ere given in reference 3.

For meny configuratione tho tcrm (—-2 (l + ) msy be replaccd
e

by ( ) Equation (1) tliun reducee to the form
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2 2
Cp v/2
o 3| ()] @

flap flap

If 1t 18 essumed thet the eerodynamic effacte of distortion
vary linsarly with tha smount of distortion, at least for amounts
of distortion aa larpga es that tested (0.0233cf2, tha resulta of

this invastigation can be mada readily epplicebla to any emount of
distortion up to 0-0233cf- On the basis of this easumption, veluea

of incremantal distortion parcmeteras, dafined es the incremental
peramater vslues resulting from s maximum surface-covering distor-
tion equal to one percent of the flsp chord, wera calculated from
the tast data. Becauss tha tasts included only fixed trsiling-
edge chords of 0.lce or mora, astimatos ware made of the values of

incremental distortion perametara for flaps with tha diatortion
extending to the flap trailing edge. These velucs were eatimated
from unpublished correlations of dets on tho serocdynamic chsracter-
istics of control aurfaces having various treiling-edge engloa.
Valuea of incremental diatortion psrametars obtzined from the
reaulta of tho present tests and by estimation are proaentad in
table IIY. Thosa vsluzs are atrictly applicable only to the airfoil
teated and cannot be ssaumed to apply exactly to any srbitrary nir-
fo1l acction.

Effecta of Fixed Trailing-Edgo Chord

Hinga-moment charactoristica.- The hinge-moment curves pra-
sentud in figuros 10 end 11 indiceta that tha primary effect of
symmotricel diatorticn (coutours CC snd BB) is to rotsts the hinge-
momsnt curves, end thercby change ths alope. For distortion that
consists principelly of a chaage in cambar of tho mean line
(contours PF nnd BC) the primary effect on tha hinge¢-moment curvas
is e displacement of the curvea along tha hingo-moment-cocfficient
axis with only small chenges in tho slopes.

The offscta of fixsd trailing-cdgs chord on the hingo-momont
slopos Chg and Cpy 6re shown in figuro 12. For aymmetricel

diatorticn, with the control eurfeccs concave, the hinge-mcment
paramcters tecome lees negative aa the fized truiling-edge chord is
incroased; end with tho control surfaces bulged, the hingo-moment
perametors become mors nogative as tha fixed trailing-cdgo chord
is incresscd. Even though tho undistorted contour is maintained
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over a pert of the rear of the flap, the effact of symmetrical
distortion 18 similar to the sffact cf variations in trailing-edge

angle.

For sll contours tested, the effects of distorticn on ths
slopea Chy, end cpp decreasa rapidly ae the fixed treiling-edge

chord is increessed. The effecte are almoet ontirely eliminated if
the fixed trailing-edge chexrd ie 30 percent of the flap chord:

The effects of surface-covering diatortion cn control forces
depend on the diaplacement cf the hinge-mumen’ curvce (camber
effact) as well as on the-slopee of the hinge-moment curvea. The
atfect of fixed trailing-edge chord on the dieplacsment of the
hings-moment curves {measured ot @, = 0° end By = 0°) 1e shown
in figure 13. The dieplacemant AOcp 18 roduced quite rapidly es
the fixed trailing-edae chord i1s increased, but it doos not decome
negligible cven with e fixed trailing-odge chord of 30 percent of
the flap chord. Tho dieplacemcnt of the hinge-momont curvee is |
similar to that causcd by a deflected tab on an undistortcd flap
apd therefore will affect tho control-aurface cheractoristics
accordingly.

' , Theoreticel checks on the hinge-moment coefficient Acy

-at. a, = 0° end Bp = 0° for contoure BF and BC were obtained by

aesuming that the distorted contoura could be replaced by multiply
hinge& flape and by celculating the hinge momente eccording to the
theory of roference 4. The comparison given in figure 13 indicetes
that, in gencrsl, the theory overestimatos the effecte of distortion
by epproximatcly 20 percent.

Resultent balance-pressure charscteristics.- The curves of
" resultant balancu-proassuro coefficient plotted in figurse 1k and 1%
indicate that aymmctrical dietortions (contours BB and CC) have no
appreciable effect on the resultant balance presawre. Cumbor dis-
tortion (contour BC) cruess a diaplucement of the belance-pressure-
‘ cogfficient curvoe. .

Thy slopes PRa. and PR sre not greatly affectad by varia-

‘tions of the flup contour. (Sea fig. 16.) PFigure 16 alsc shows
that tho diaplaccment APFR of the balence-pressure coefficiont

at a, =0° ana B¢ = 0° 1is spproximetsly comstant regardloss of

the fixod trailing-cdge chord. This constancy seems to indicats
that the valus of APp depends primarily on tho flsp contowr near

the flap hingo and is not affected to any grest extent by the flap
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contour nasr the treiling edge. For the flape tested in this
irveetization, the distcrtion began et & dietence 0.067ce to the

reer cf the flep hinge line. Hed the distortion begun et or very
near the flep hings line, the effect of distortion on APp probably

would heve been conuidarably grestsr then that obtained.

In crder to illuatrate the effect of camber distorticn on the
hingze mcmants of sesled internally-balanced Tlaps, equation (2)
may be rewritten in terms of incrementul, rather tuen ebscluts,
veluce of hinge-moment end rosultant balanca-preesure coefficients,
which gives

t/:
He = A + -
hpelanced Bp1ain * 7 {( ) )
flap )

flap

Sirce camber distcrticn results in incrementa Acy, and APp that
ere of the seme sisn (ncc f£igs. 13 and 16), tho increment Ocy  of
a balenced flap is larger than the increment Acy of e plain or

urbalenced flup. The effect cf cember dlstortirn on flap hinge-
moment characteristics, theraforc, would be expected to Increese
ecmowkat ae the belsnce chrcd ¢ ia Increaced.

LALt chaxacteristics.- Curvee of 1ift coefficlent plctted in
figures 17 and 18 indicetc thet neither czmber nor symmetricel dia-
tortion has any eppreciasble effect ¢n 1ift characteristice. Figure 19
ehows that the slopes cla end C1p B&rd almost unalterod by thre

fixod trailing-cdgs chord end that tho increment of lift Acy

ceuscd bty cumber distortion ie small end dccreasecs with increase
in fixed treiling-edge chard.

Valucs of Ocq celeulated by the thoory of multiply hinged

flape (referencs 4) eru included in figuro 19 for compariaon with
the experimentel values of bLey .

Effect cof Mach Number

The results of the present tests indicated that if tho fixed
trailing-cdge chord were 20 percent of the fiap chord most of the
parameters of the airfoil and flap would be nsarly independont of
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control-surface distortion. Tests, therefore, were made to deter-
mine whethar the hinge-moment characterietice of the distorted

flaps having velues of ;z = 0.20 would be sffected by Mach number
f

more sdversely than the hinge-moment cheracteristics of the undis-

torted flap.

As shown in figurea 20 end 21, Mach number varieticns within
the speed range tested have very small effects elther on the char-

[
acteristics of the distorted flaps with ;ﬁ = 0.20 or on the char-
by

acteristica of the undiatorted flep.

Effecta of Transition Strips

The effecta of transition atrips on flap section hinge-moment
coefficient plotted againat flap deflection (fig. 22) and againet
enzle of attack (fig. 23) were deotermined for the undistorted flap
contour end for verious distorted flap contours having values

c

of 21 = 0.20. Figures 22 and 23 ahow that removing the trensition
f

etrips mekes the elopa Cng more negative over a bf range of

approximately 36° and mekes the slope Cp, mOTO negative over

an &, rsnge of approximately $19. At the limita of these rangee

ths hinge-moment curves of the model without trsnsition strips show
an abrupt change in slope resulting from a shift in transition point
from & rearward to e forward position. Similar reaults have been
observed in other tumnels having a low turbulence level (of the
order of that of the tunnel uaed for the present tests). The
effects of the strips on tha slopua of the hingu-mcment curves are
largest for contour BB and smalleat for contour CC. Severel investi-
gations of bevoled flaps made in both the United States and Creat
Britain have indiceted that the incrasmental changce in hinge momente
resulting from the sddition of strips arv roughly proportional to
the tralling-edge angle. Althcugh the tralling-edgs angle was
maintained constent over s chord length o = o.EOcr for the flaps
of this investigation, the characteriatica obtsined with contour BB
ere similsr to the characteristics that would be expected with a
large trsiling-edgo angle and the characteristics obteined with
contour CC are similar to the characteristice that would be expscted
vith e smal)l trailing-edge angle. In genersl, if the flap contour
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tends to bulge, boundary-layer effscte may be large (as indicated

by the sffscts of strips) even though a relativeiy small trailing-

edge angle is maintained over at leaet 20 percent »f the flap chord.
Effecta of Gap

Compariacne of the effects of gap ers given for the undistorted

flap contour aud for the dlstorted flap cmtours having ? = 0.20
4

in figures 24 and 25. When ths distortion consiste of an increase
in the thickness of ths control surface (an sffective increass in
trailing-edge angle), opening the gap causes Chy 4P cpy to
beccwe lees negative; and when the distortion consists of a decresse
in thicknees of the contrcl surfaca (an effactive docroaso in
trailing-edge angls), opening tho gap usvally causes Che and Chy
to become mors negative. These reeults agrss qualitutively with
resulta given in reference 5, vhich show similar varistiona in the
offoct of gap with variations in tho actual trailing-edgs angle.

lication of Date to an Assumed Airplans

In order to i1llustrate the poseible benefits of maintaining
the undiatortsd contour over & part of the chord of a control
swrface, the experimental results obtainsd in thio investigation
have boen spplicd to an assumed fighter-typv airplane having the
following characteristics:

Ratio of stick force to slevator moment, K . 0.60
Wing loading, H’S‘,, pounds per square foot . 40.0

Dynanic pressure ratio, Qfd oo oo
Ving lift-curve elope, (cLu)‘, e v e e e 072

Horigontal-tail incidenco, 1y, degreos « « « o « o+ « « 0
Ratio of horizontal-tail erce to wing area, B[S, . 20

Ratioc of tail length to wing mean sorodynamic chord, 4.0
Elevator lift-curve slope, 01-5 e v s e s e e e e e

Blovator eize factor, 'be'c':ea, cubic fect

Airplane stadility fector, x'fc' . . .« .
Wing aspect ratio, &y + « ¢ ¢ o s o o &

Borisontal-tail eepect ratio, Ag » « o o
Downwash angle factor, l--a-; « s e e e
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Celculetions have been made of the stick-force increments resulting
from elevator eurfsce-covering distortion that are required to hold
the airplene in level flight st & given speed. Tho emount and the
type of diatorticn of the elsvetor of & specific eirplans will, of
course, vary with speed; and therefore, the curve of atick force
plotted egainat speed for a given setting of the trimming device
may very between limits dotermined by the charecterlstice of the
control eurfsco with mayimm fixed smounte of distortion. The
incremente of stick force (at & given specd) corresponding to a
conetent amount of dlstortion for each of the contours considered
in this investigatinn 1s indicetivo of the maximum change in etick
force for the emount end type of distortion assumed end therefore
may be uzed sa s beeis for camparing the effects of tho various
kirds of distortion. Theso stick-force increments would not have
to be supplied by the pilot of en airplasnce cquipped with a trimming
dovice, but they ero roughly proportionsl tc the deflection of the
trimming dovice thet is required to cfrest tho offecte of surfsco-
covering distortion. The fcllcwing squstion, which is based on
linesr slopecs, wae used in making the calculatione:

BOEy 1. (e
(%), i a

a .
b3 (%)e
g, J\c'/ Ts
distorted

= 0
5 + 4 &Cy ( Kb,c,
cI‘b

in which (cLa.) ie tho lift-curve slope of the airplene wing; sll
3 v

other parameters zre for the horizcntel tail. Equation (3) sccounts
for the effects of glevator dletorticn on cha.’ Chs, AC,‘ of the

plain elevater, &Pp, end &0 but ‘noglects the very small effecte
of dietortion on Pna.’ PRG’ cLa.’ and CLge All celculations for

tho distorted contours were made for the condition of meximum die-
torticne of one percont of the elevetor chord. The velues of the
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incremental distortion peremeters given in table IXII therefore
repregent the total aerodynamic effacts of ths amount of distor-
tion assumed. The ssction parsmetera given in tsbls III were con-
verted to finits-epan parsmetors for uss in squation (3) by mesns
of the aspect-ratio-ccrrection formules given in rsfsrsace 6.
Celculaticns were made for plain eseled elevstors snd fur seslsd

c
internally bslanced slsvators having a balance-chord ratio -;E 2 0.40.
f
A calidrated airsposd of 300 milsa per howr wae assumed.

The resulte cf tha calculations ars presonted in figure 26.

(47
Stick-force incremsnts for -;E = 0 wore calculated from the eati-

[-]
matcd incremental distortion parameters givon in table III. For
the sssumcd conditions the ctfects of symmetricel distortion are
very small vhen compared with the effects ot cember dietortion.
Varietions in the conaetants of the sssumsd ailrplanc would affect
the relative importancs of the two kinds of distortion, but for
almost sny airplene configurstion a given amount »f cambor dliator-
tion cen be oxpactod to be much more important thon the same amount
of symustrical distoertion. Figure 26 ghows that the cffecta of
symgetricel distortion are largsly climinated by muinteining the
undiatcrted contour over the rear 20 percent of the slevator chord.
When the diatortion involves a chango in cember, approximetoly
75 percent of the offscts of distortion are sliminstod by mainteining
the undistorted contowr over the rear 20 percent of the olevator
chord and epproxinately 83 percent of the effscts of distortion
ars sliminatod by mainteining the undistorted contour ovor ths
rear 30 percent of the eliovator chord. Althouash these purcentage
values wero obtelned from celculations of the offecte of distortion
on atick furcee in luvel flight, epproximately the eams porcentege
values would bo expected to apply to tho offects of dletortion on
the stick forcus in accclerasted mancuvers.

Figurc 26 shows thet, except for the slevator having maximum
camber distortion {contour BC), the sffccts of dlstortion are
spproximetely tho ssme cither for the plain slevator or for the

elsvator with an internnl-belsnce-chord ratio -:3 = 0.40. For

a
contour BC the effscts of distortion wore greatur for tho belanced
slevator than for the plain elevator. As pointed out previoualy,
the balance might have hed a considsrably morc adveras effsct had
the distortion occurred very close to the elovator hings lino,
rather than at a diatance 0.067c, bohind the hinge linc.

bty MRS GUR ia e e
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Although the analysis presented herein has bsen made specifi-
cally for an elsvator control, the canclusions concerning the reduc+
tions in distortion effects that are made possible by maintaining
the undistorted contour over a part of the control-surface chord
are believed to apply to rudder and ailaron controls, as well.

CORCLUSIONS

The prescnt investigation of a modified NACA 651-0].2 airfoil

having & 30-percent airfoll-chord flap with contours simulating
various distorted eurface~covering shapee indicates the following
conclusions:

1. The effects of surface-covoring distortion on lift char-
acteristics genarally are swall when compared with the effacts of
suriace-covering distortion on hinge-moment characteristica.

2. Approximntely 75 vwercent of the effects of distortion on
stick forces can be eliminated dy maintaining the undistorted flap
contour over the rear 20 percent of the flap chord.

3. Yhen the lap hae baen thickenod by dlstortion, opening
the cap at the flap nose or plecing trunsition strips near the air-
foll leading odge generally causes ths variations of hinge-moment
coefficient with angle of attack and with flap deflection to become
less negative. Opening the gap generally has the opposite effect
if distortion concists of a docreease in flap thickness.

4. Variations in Mach mmber from 0.20 to 0.40 have only mmall
effects on tho hinge-moment cheracteristice of the vndistorted flap
or the distorted flaps having the undistorted contovr maintained
over the reax 20 percent of the flap chord.

Langley Memorial Aeronauntical Yaboratory
National Advisory Committee forr Aeroneutics
Langley Tield, Va., February 11, 1947
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7raonsi tion

/G strips
Af 202¢

s, §V€

Boundary- layer
displacemenl! thicknes.

/

L1

&) Boundary-layer displacement
thickness at 0.65c¢.

~
A\
D

[

NATIONAL ADVISORY
" COMMITTEE FOR ALRONAUTICS

N

(b) Transi //'oﬂ( _/gcalfen w_//_hj(r_/,?.s ofY.,
o CLILLLlIl1]
-4 2 g 2 4
&%, 0EG

Figure 3.- Boundary-layer characteristics on upper surface of modified
NACA 651012 airfoil. Flap contour, FF; gap sealed; M, 0.34.
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Flap defiechon, b, deg
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Figure 5.- Continued.
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